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Cardiovascular disease and COPD commonly occur in the same patient and share both risk factors and common pathophysiologic mechanisms.Diagnosis of cardiovascular comorbidities in patients with COPD can be challenging and requires a low threshold for investigation in accordance with disease-specific guidelines.Patients with COPD and cardiovascular disease are at risk of being undertreated due to concerns regarding the safety of disease-specific therapies in comorbid patients; however, most therapies are safe.Increased systemic inflammation during an exacerbation of COPD is associated with cardiac dysfunction, morbidity, and mortality.Influenza vaccination reduces cardiovascular risk in COPD patientsLong-acting bronchodilators are safe in patients with COPD and comorbid cardiovascular conditions. They may even reduce the risk of cardiovascular events in select patients.

Introduction {#Sec1}
============

The importance of appropriately recognizing and managing patients with cardiovascular and pulmonary comorbidities is underscored by the poor outcomes described in complex comorbid patients. Patients with chronic obstructive pulmonary disease (COPD) have an increased risk, up to one-third greater than the general population, of cardiovascular comorbidities including hypertension and diabetes \[[@CR1]\]. Patients with COPD have higher rates of ischemic heart disease, heart failure, and arrhythmias with risks that are 2--5 times higher than those in age-matched control subjects \[[@CR1], [@CR2]\]. This presence of cardiovascular disease in patients with COPD leads to lower quality of life, increased rates of hospitalization, and death \[[@CR3]\]. Patients with COPD are at a particularly high risk of cardiovascular events during acute exacerbations of COPD (AECOPD) \[[@CR4]\]. Indeed, AECOPDs increase the risk of acute coronary events and stroke by 3--5-fold, a risk that can be mitigated by preventing exacerbations related to respiratory tract infections. Thus, understanding the common mechanisms and risk factors for COPD and cardiovascular disease, diagnostic and management challenges, and the interplay between comorbidities during episodes of an acute exacerbation of COPD is central for the clinical care of these complex patients.

COPD Exacerbations {#Sec2}
==================

AECOPDs are defined by an increase in patient symptoms beyond the day-to-day variation, which leads to increase in pharmacologic therapy \[[@CR5]\]. Currently, AECOPDs are diagnosed largely based on clinical acumen, irrespective of the etiology. As there are no reliable ways of phenotyping exacerbations (e.g., infectious versus noninfectious), all AECOPDs are empirically treated with systemic corticosteroids and/or broad-spectrum antibiotics, which likely leads to their overuse in the community \[[@CR5]\]. The treatment and outcomes for AECOPD are far from optimal. Once patients are sick enough to come to emergency departments for AECOPD, 9 out of 10 patients will be admitted for treatment for an average length of hospital stay of 10 days \[[@CR6]\]. One in 12 of these patients will die either in hospital or within 6 months of hospital discharge; 1 in 8 patients will require noninvasive or invasive mechanical ventilation, and 1 in 3 patients will suffer another exacerbation over 3--6 months of follow-up \[[@CR6]\]. The treatment side effects are also substantial. During therapy, more than 50% patients will experience new or worsening hyperglycemia, 12--18% will develop new or worsening of hypertension, and 12% will experience other steroid-related adverse effects including adrenal insufficiency \[[@CR6]\]. Incredibly, treatment for AECOPD has not changed over the past 30 years. Health care providers treat everyone with AECOPD with antibiotics despite good data suggesting that fewer than 50% of the episodes are associated with bacterial infections and with prednisone even though approximately 30% of the episodes are not associated with lung or systemic inflammation!

It is widely postulated, though not completely proven, that respiratory tract infections by microbial agents are the leading cause of AECOPD \[[@CR5]\]. By using polymerase chain reaction on spontaneous sputum samples, Bafadhel et al. found that the prevalence of "virus"-associated exacerbation was 29% (with rhinovirus being the most common) and that of "bacteria"-associated exacerbation was more than 40% \[[@CR7]\]. However, it should be noted that many patients with COPD demonstrate evidence of bacterial colonization even during clinical stability, whereas presence of viruses is distinctly rare except during exacerbations \[[@CR7]\]. Thus, the clinical relevance of identifying bacterial species in spontaneous sputum of patients with COPD during exacerbations is uncertain.

Exacerbations and Cardiovascular Events {#Sec3}
=======================================

The multiple potentially reciprocal mechanisms through which either an exacerbation of COPD may potentiate cardiovascular decompensation or through which cardiac dysfunction can trigger an acute exacerbation of COPD are complex (Fig. [12.1](#Fig1){ref-type="fig"}) \[[@CR8]\]. Multiple mechanisms are triggered during an AECOPD that lead to cardiovascular dysfunction and morbidity. Platelet activation, fibrinogen production, and interleukin-6, interleukin-8, and tumor necrosis factor α levels are elevated during an acute exacerbation of COPD, and these are pro-atherothrombotic. This cascade can lead to atherosclerotic plaque rupture and acute coronary syndrome as demonstrated in Fig. [12.2](#Fig2){ref-type="fig"}. The most important pathway appears to be related to inflammation. COPD patients have chronic lung inflammation which worsens during acute exacerbations \[[@CR7]\]. Acute coronary syndromes can be associated with an AECOPD \[[@CR4]\]. This increased risk seems most closely associated with respiratory infection and inflammation as an exacerbation trigger \[[@CR9]\].Fig. 12.1Causes of acute exacerbations of COPD. There are multiple causes of acute exacerbations of COPD (AECOPD). Although almost all clinically significant AECOPDs are treated with oral antibiotics and/or systemic corticosteroids, at least 30% of the AECOPDs are caused by noninflammatory, noninfectious causes. A significant number of cases are caused by cardiovascular events. In one study, approximately 20% of hospitalized AECOPDs were characterized by pulmonary edema on chest radiograph \[[@CR82]\]Fig. 12.2A proposed schema of how acute exacerbations of COPD may lead to acute cardiovascular events. We propose that respiratory tract infection leads to acute lung injury, resulting in lung inflammation and oxidant stress. This causes endothelial dysfunction and acute disruption of stable atherosclerotic plaques, resulting in the conversion of stable plaques into unstable (or vulnerable) ones. Vulnerable plaques are much more likely to rupture, causing acute myocardial infarction or stroke than stable plaques \[[@CR83]\]. Neutrophilic inflammation appears to play a central role in this process \[[@CR26]\]

Regardless of the etiology of the AECOPD, during AECOPD events, many patients experience myocardial injury and stress. Patel et al., for instance, found that approximately 16% of patients during AECOPD experienced a marked elevation in serum troponin, a biomarker of myocardial injury, and a similar number experienced a rise in N-terminal pro b-type natriuretic peptide (NT-proBNP ), a biomarker of myocardial stretch and failure. In their study, the levels of these blood cardiac biomarkers peaked at day 7 of the AECOPD event and then gradually returned to normal levels after 30--90 days post-event \[[@CR10]\]. Increased troponins and electrocardiographic (ECG) changes have been reported in patients with COPD, in the absence of an acute coronary syndrome, which complicates making the correct diagnosis \[[@CR11]\]. As a result, diagnosis of ST-elevation myocardial infarction (STEMI) is frequently delayed in patients with COPD \[[@CR12]\]. Increased troponin in patients with acute exacerbation of COPD is an independent risk factor for mortality, even in the absence of acute coronary syndrome, and can be due to multiple factors \[[@CR13]\]. The pathophysiology of increased troponin observed during an acute exacerbation of COPD may be related to the development of supply-demand mismatch to the myocardium due to tachycardia or coexisting left ventricular hypertrophy \[[@CR8]\]. The hypoxemia and hypercapnia resulting from an acute exacerbation of COPD can also be pro-arrhythmogenic, leading to arrhythmias during an acute exacerbation of COPD which can in turn trigger heart failure decompensation \[[@CR14]\]. Troponin may also be increased as a result of increased pulmonary pressures and right heart dysfunction during an exacerbation \[[@CR8]\]. Natriuretic peptides are a useful tool in diagnosing acute heart failure in the setting of comorbid COPD as heart failure is unlikely with normal values (BNP \< 100 pg/ml or NT-proBNP \< 300 pg/ml) \[[@CR15]\]. However, the appropriate cutoff value in patients with pulmonary disease is debated as associations between elevated plasma N-terminal proBNP (NT-proBNP) and decreased FEV~1~ have been described in patients without heart failure. Elevations of BNP or NT-proBNP in patients with an acute exacerbation of COPD predict worse cardiovascular outcomes and death \[[@CR8]\]. BNP is released from ventricular myocytes due to either volume or pressure overload and resulting myocyte stretch. Changes in intrathoracic pressure during an acute exacerbation of COPD impact venous return, cardiac function, and pulmonary pressures leading to elevation of BNP \[[@CR8]\].

During AECOPD, patients also demonstrate endothelial dysfunction systemically as evidenced by a significant increase in pulse wave velocity of the affected blood vessels. Most importantly, the risk of myocardial infarction (MI) and stroke increases substantially during the first few days of AECOPD. One study showed that the risk of MI increased by 2.27 times the baseline rate within 1--5 days of AECOPD, whereas the risk of stroke increased by 26% \[[@CR4]\].

The relationship between acute respiratory tract infection and cardiovascular events is particularly notable and interesting. In the largest study of its kind, Kwong et al. evaluated 364 hospitalizations for MI between May 1, 2009, and May 31, 2014, in Ontario, Canada. They obtained nasal swab data using reverse-transcriptase polymerase chain reaction (rtPCR; monoplex or multiplex assays), viral culture, direct fluorescent antibody staining, and enzyme immunoassays on influenza A and B as well as other respiratory viruses including respiratory syncytial virus, adenovirus, coronavirus, enterovirus (such as rhinovirus), parainfluenza virus, and human metapneumovirus \[[@CR16]\]. They found that during the first 7 days of the respiratory tract infection, the risk of MI was 6-fold higher than during "control" periods (i.e., weeks when they were infection-free). The highest risk period was within 1--3 days of the respiratory tract infection (relative risk, RR, of 6.30) with the risk sharply decaying by day 8 of the infection. In this study, most (82%) of the respiratory tract infections were caused by influenza A and only 31% of the cohort had received influenza vaccination prior to the study year.

These data are consistent with other studies including that by Warren-Gash et al. who showed by using the General Practice Research Database (GPRD) in the United Kingdom (UK) that the risk of MI was 4 times higher during the first 3 days of the infection compared with controlled periods with the risk gradually decaying over time and returning to baseline levels by 30--90 days postinfection \[[@CR17]\]. Most importantly, in a secondary prevention trial of 439 patients who had been hospitalized with an acute coronary syndrome, Phrommintikul et al. showed that influenza vaccination therapy (versus no vaccination in the control group) resulted in 30% lower rate of combined major cardiovascular end points including death, rehospitalization for acute coronary syndrome or from heart failure, or stroke and a strong trend towards lower rate of cardiovascular mortality (hazard ratio, HR, 0.39; *p* = 0.088) \[[@CR18]\]. It should also be noted that influenza vaccination or pneumococcal vaccination per se is not associated with any increase or decrease in cardiovascular events \[[@CR9]\]. Thus, vaccination is safe.

The relationship between infection and cardiovascular events is not restricted to respiratory tract infections. Infection elsewhere in the body is also associated with increased risk of cardiovascular events. Minassian et al. showed using a Medicare beneficiary database that individuals who developed herpes zoster infection (i.e., shingles) experienced a 2.4-fold increase in the risk of ischemic stroke and 1.7-fold increase in the risk of MI within the first week of infection \[[@CR19]\]. It should be noted, however, that while infection in other organ systems is associated with increased risk of cardiovascular events, the relationship between respiratory tract infections and cardiovascular events is particularly strong. For instance, Smeeth and colleagues showed using the UK GPRD database that the risk of MI in the first 3 days of a respiratory tract infection was 5.0-fold higher than that during controlled periods, whereas the relative risk for MI for urinary tract infections was only 1.7 \[[@CR9]\]. Together these data suggest that respiratory tract infections are one of the most important triggers of MI and stroke and mitigation strategies to reduce these infections will not only decrease the risk of AECOPD but also prevent cardiovascular events.

Common Mechanisms and Risk Factors for Cardiovascular Disease and COPD {#Sec4}
======================================================================

The mechanism by which AECOPD leads to cardiovascular events remains largely a mystery. COPD and cardiovascular disease such as heart failure, atrial fibrillation, and ischemic heart disease share common risk factors such as cigarette smoking and age \[[@CR15]\]. However, independent of the risk imposed by smoking, reduced lung function, assessed by using decrease in FEV~1~, has been associated with mortality due to ischemic heart disease \[[@CR20]\]. However, whether there exists a common mechanism or link beyond shared risk factors is an ongoing subject of debate.

Systemic inflammation has been observed in patients with COPD, ischemic heart disease, and atrial fibrillation and has been proposed as a potential mechanism leading to poor clinical outcomes \[[@CR21], [@CR22]\]. Smoking and alterations in the lung microbiome and elastin fiber have been implicated as potential sources of ongoing inflammation \[[@CR23], [@CR24]\]. Other environmental exposures including air pollution, viral and bacterial respiratory infection, and oral disease are thought to increase inflammation and contribute to inflammation associated with poor cardiovascular outcomes \[[@CR25]\]. Although the precise pathways are unknown, animal studies suggest that inhalation of small particulate matter leads to chronic lung inflammation and systemic inflammation. This chronic inflammatory state is thought to contribute to the development of atherosclerotic disease, independent of dyslipidemia \[[@CR25]\]. A proposed model for how this may occur is presented in Fig. [12.2](#Fig2){ref-type="fig"}.

Another important consideration is the effect of lung inflammation related to respiratory tract infection on the cardiovascular system. Jaw et al. modeled the effects of respiratory tract infection on the cardiovascular system using lipopolysaccharide (LPS) stimulation directly to the airways of mice, which were prone to atherosclerosis \[[@CR26]\]. LPS is a bioactive component of gram-negative bacterial wall and induces local inflammation by stimulating toll-like receptor 4. In this model, instillation of LPS into the airways resulted in conversion of 68% of the atherosclerotic plaques from "stable" to "vulnerable" ones. In contrast, instillation of just saline into the airways led to 12% of the plaques becoming vulnerable (*p* = 0.0004). Repeating this experiment following temporary depletion of neutrophils using Ly6G antibodies prevented conversion of stable to vulnerable plaques related to LPS exposure. Interestingly, injection of LPS intraperitoneally to mimic infection outside of the thoracic cavity did not lead to any significant destabilization of atherosclerotic plaques. Together, these data suggest that acute respiratory tract infections induce neutrophilic inflammation locally and systemically that lead to disruption of stable plaques and cause acute myocardial and cerebrovascular events. These adverse effects may be prevented by reducing neutrophilic inflammation.

Does Prevention of AECOPD Reduce the Risk of Cardiovascular Events? {#Sec5}
===================================================================

As noted above, influenza vaccination is effective in reducing the risk of significant cardiovascular events in patients with and without COPD. The effects of other drugs commonly used in the treatment of COPD patients on the risk of cardiovascular events are much more uncertain and controversial. The first line of therapy for COPD patients with persistent symptoms is long-acting muscarinic antagonist (LAMA) \[[@CR5]\]. In the Understanding Potential Long-Term Impacts on Function with Tiotropium (UPLIFT) trial, the rate of serious cardiac adverse events was 16% lower in the group that was assigned to tiotropium (*n* = 2986) over 4 years compared with the group that was assigned to placebo (*n* = 3006; *p* \< 0.05). This relative reduction was largely driven by lower rates of congestive heart failure (RR, 0.59) and myocardial infarction (RR, 0.71) \[[@CR27]\]. However, these data should be interpreted cautiously as the primary end point, the rate of decline in lung function, was no different between tiotropium and placebo and the cardiac events were not fully adjudicated; thus, misclassification of events could have occurred. In a population-based study in Ontario, Canada, Gershon et al. demonstrated that elderly patients (66 years of age and older) who were newly prescribed a LAMA or a long-acting beta-2 agonist (LABA), another class of long-acting bronchodilator, had a 31% increase in the risk of cardiovascular events \[[@CR28]\]. Another population-based study in the UK showed similar results with use of LAMA being associated with a small increase in the risk of stroke and MI and a significant reduction in total mortality \[[@CR29]\]. LAMA in inhalation spray format, which leads to increased drug deposition in the small airways, has been associated with increased risk of cardiovascular events compared with LAMA in a dry powder formulation, which leads to increased drug deposition in the upper and larger airways \[[@CR30]\]. However, in the largest clinical trial of its kind involving 17,135 patients with COPD, the use of tiotropium in inhalation spray format was not associated with any significant increase in the risk of major cardiovascular adverse effects compared with tiotropium in a dry powder formulation, though in the higher tiotropium spray dose (5 μg daily), there was a trend towards increased MI (RR, 1.41; *p* = 0.06) \[[@CR31]\]. Collectively, these data suggest that long-acting bronchodilators are safe in patients with COPD and may in select patients reduce the risk of cardiovascular events, possibly by reducing the rate of exacerbations.

Inhaled corticosteroids (ICS) in combination with a LABA are also frequently used to prevent exacerbations in COPD. In one population-based study in Saskatchewan, Canada, the use of ICS was associated with a 32% reduction in the relative risk of MI \[[@CR32]\]. However, a systematic review of randomized controlled trials did not demonstrate any significant association between ICS use and the risk of MI or other cardiovascular end points \[[@CR33]\]. In the largest clinical trial of its kind (*n* = 16,485), the use of ICS or ICS/LABA was not associated with cardiovascular mortality or any other serious cardiovascular adverse events compared with placebo \[[@CR34]\]. In aggregate, these data suggest that neither ICS alone nor ICS in combination with LABA has any salutary effects on cardiovascular events in patients with COPD.

Challenges in Cardiovascular Disease and COPD {#Sec6}
=============================================

Ischemic Heart Disease {#Sec7}
----------------------

COPD patients have an increased risk of ischemic heart disease (odds ratio \[OR\] 2.28, 95% confidence interval \[CI\] 1.76--2.96, *p* \< 0.0001) compared to the general population \[[@CR1]\]. Patients with ischemic heart disease similarly have high rates of COPD; however, it is often undiagnosed \[[@CR35], [@CR36]\]. Patients with coexisting airflow limitation and ischemic heart disease, as opposed to ischemic heart disease alone, have both a higher burden of COPD symptoms and cardiovascular risk \[[@CR37]\]. Recognizing COPD in ischemic heart disease is important as it has been associated with worse short- and long-term outcomes compared to patients with ischemic heart disease alone \[[@CR38], [@CR39]\]. Cardiovascular death accounts for a large proportion of deaths in patients with COPD, with estimates of up to 20--30% \[[@CR3], [@CR40]\].

Patients with COPD or ischemic heart disease may present with a variety of symptoms including dyspnea, cough, sputum production, exertional chest pain, or decreased exercise tolerance. Symptoms such as shortness of breath and decreased exercise tolerance could be present in either COPD or ischemic heart disease and require appropriate investigation in order to confirm a diagnosis \[[@CR1]\]. In the presence of ischemic heart disease, the diagnostic criteria of COPD are not altered and spirometry is required \[[@CR5]\]. In patients with COPD, ischemic heart disease symptoms should be investigated in accordance with established guidelines \[[@CR41]\].

Although some therapies for ischemic heart disease and COPD have previously been scrutinized for potential harm in patients with both diseases, standard medications are thought to be safe in comorbid patients \[[@CR15]\]. Antiplatelet therapy for ischemic heart disease should be prescribed in accordance with established guidelines in patients with COPD \[[@CR41]\]. Beta-blockers should not be withdrawn from patients with COPD, are generally safe, and decrease mortality \[[@CR42]\]. Although the proposed common mechanism of systemic inflammation present in both ischemic heart disease and COPD raised the question of whether statin therapy may offer a benefit in COPD alone, statin therapy does not impact acute exacerbation risk, but is indicated in ischemic heart disease \[[@CR39], [@CR43]\]. Following invasive therapeutic interventions for ischemic heart disease, COPD patients experience more morbidity \[[@CR44]\]. COPD patients undergoing percutaneous coronary intervention have increased rates of revascularization and death \[[@CR44]\]. Strategies to reduce perioperative as well as longer-term morbidity following invasive therapies for ischemic heart disease in patients with coexisting COPD will require ongoing research.

Inhaled therapies for COPD including LABA, LAMA, and ICS are safe and effective in patients with coexisting ischemic heart disease \[[@CR15]\]. In comparing LABA-LAMA or ICS-LABA combination therapies for COPD, rates of MI, unstable angina, and revascularization did not differ between treatment groups \[[@CR45]\]. In another study that included patients with COPD and known ischemic heart disease or risk factors for ischemic heart disease, rates of MI and unstable angina were similar between groups treated with LABA-ICS, LABA, ICS, and placebo \[[@CR34]\]. This evidence supports the safety of inhaled COPD therapies in patients with ischemic heart disease.

Heart Failure {#Sec8}
-------------

Similar to ischemic heart disease, heart failure is more common in patients with COPD than the general population (OR 2.57, 95% CI 1.90--3.47, *p* \< 0.0001) \[[@CR1]\]. Patients with heart failure and concomitant COPD have higher mortality rates than patients with heart failure alone (HR 1.24--1.7) \[[@CR46]\]. Given this increased mortality risk, making the appropriate diagnosis is especially important. Heart failure and COPD share risk factors, frequently occur in the same patient, and share similar presenting symptoms such as dyspnea and functional limitation. This makes distinguishing the presence of these diseases a clinical challenge. The diagnosis of COPD requires spirometry and should be performed with a low threshold in patients with established heart failure \[[@CR5]\]. Heart failure with reduced ejection fraction (HFrEF) can result in an up to 20% reduction in both FEV~1~ and FVC; however, it does not affect the FEV1/FVC ratio, and spirometry therefore retains its diagnostic utility \[[@CR47]\]. Establishing a diagnosis of heart failure also requires a low threshold for investigation with echocardiogram in COPD patients \[[@CR48]\].

Despite accepted guidelines and mortality benefit of beta-blockers in HFrEF, clinicians underprescribe these medications in patients with COPD \[[@CR49]\]. A large retrospective study demonstrated no difference in outcomes between heart failure patients with and without COPD taking cardioselective and nonselective beta blockers \[[@CR50]\]. Retrospective analysis of patients from the STATCOPE and MACRO studies demonstrated no decrease in lung function overtime or increase in exacerbation rate attributable to beta-blocker use in patients with COPD \[[@CR51]\]. The benefits of beta-blockers in heart failure outweigh potential risks, even in the context of severe COPD, and should be prescribed as indicated \[[@CR15], [@CR52]\]. Other heart failure medications including angiotensin-converting enzyme inhibitors, mineralocorticoid receptor antagonists, and ivabradine are recommended, as appropriate, in patients with COPD \[[@CR53], [@CR54]\].

Although the use of ICS and roflumilast to treat COPD has not been associated with an increased risk of cardiovascular events, the safety of inhaled bronchodilators in patients with COPD and heart failure has been controversial \[[@CR55], [@CR56]\]. Observational studies previously identified an increased risk of hospitalization or death with short-acting beta agonists in patients with HFrEF \[[@CR57], [@CR58]\]. However, other studies have not identified an independent risk of mortality with long-acting beta agonists in patients with heart failure \[[@CR59]\]. Short-acting muscarinic agents have also been associated with an increased risk of heart failure \[[@CR60]\]. Longer-acting agents such as tiotropium, glycopyrronium, aclidinium, and umeclidinium have not been associated with an increased risk of heart failure \[[@CR61]--[@CR63]\]. The cardiovascular safety of a combination long-acting bronchodilators, including LABA-LAMA combinations, are similar to the component medications and are generally safe \[[@CR45], [@CR64]\]. LABA and tiotropium use in patients with heart failure and COPD has been associated with an increased risk of emergency department visit and hospitalization for heart failure \[[@CR28]\]. It may be reasonable, taking the evidence currently available into consideration, to preferentially choose LAMA agents over LABA bronchodilators; however, there is no specific evidence that COPD must be treated differently in the setting of heart failure \[[@CR65]\]. It is recommended that patients with heart failure being started on bronchodilators be closely followed up in the two to three weeks following bronchodilator initiation for signs and symptoms of worsening heart failure \[[@CR15]\].

Atrial Fibrillation {#Sec9}
-------------------

Atrial fibrillation is the most common arrhythmia in the general population and in patients with COPD \[[@CR2]\]. The risk of cardiac dysrhythmia in patients with COPD is almost double that of the general population (OR 1.94, 95% CI 1.55--2.43, *p* \< 0.0001) \[[@CR15]\]. Prevalence of atrial fibrillation in COPD varies from 4.7% to 15% and up to 30% in severe COPD \[[@CR66]\]. The severity of airflow obstruction is related to an increased prevalence of atrial fibrillation \[[@CR67]\]. Outcomes of patients with COPD and coexisting atrial fibrillation are worse with increased risk of hospitalization, lower quality of life, and all-cause mortality \[[@CR66]\].

Patients with COPD and atrial fibrillation may present with dyspnea due to either disease; however, co-occurring symptoms such as palpitations or cough may help to increase suspicion for atrial fibrillation or COPD, respectively \[[@CR15]\]. The diagnosis of COPD in patients with atrial fibrillation can be made using spirometry, similar to the setting of coexisting ischemic heart disease or heart failure \[[@CR5]\]. Atrial fibrillation can be diagnosed with an ECG, but may require 24-hour or longer recording devices to diagnose paroxysmal atrial fibrillation. The detection of atrial fibrillation in patients with COPD is important given the risk for worse outcomes in comorbid patients as well as stroke risk reduction and highlights a potential role for screening. However, screening for asymptomatic atrial fibrillation and mechanisms by which this would most effectively be achieved in patients with COPD has not been defined.

The presence of COPD in atrial fibrillation creates a challenge for atrial fibrillation management. COPD is associated with progression from paroxysmal to permanent atrial fibrillation, unsuccessful cardioversion, and recurrence following interventional catheter ablation \[[@CR68]\]. General recommendations regarding atrial fibrillation treatment, including rate and rhythm control strategies and anticoagulation to reduce risk of thromboembolic disease, include patients with COPD \[[@CR69]\]. Rate control strategies using non-dihydropyridine calcium channel blockers for patients with atrial fibrillation and COPD is recommended in major guidelines \[[@CR69]\]. Cardioselective beta-blockers are also recommended for rate control and have been associated with lower mortality \[[@CR70]\]. Use of nonselective beta-blockers for atrial fibrillation should be avoided in patients with severe airflow obstruction and COPD, although evidence for this recommendation is limited \[[@CR71]\]. Recommendations for anticoagulation and stroke prevention can be applied to patients with COPD and atrial fibrillation in accordance with guidelines \[[@CR69]\].

Concerns exist regarding the pro-arrhythmogenic properties of short-acting beta-agonist bronchodilators \[[@CR72]\]. LAMA agents have demonstrated mixed results in increasing rates of atrial fibrillation. Tiotropium does not increase cardiac arrhythmias, but glycopyrronium has been associated with increased rates of atrial fibrillation compared to placebo \[[@CR63], [@CR73]\]. Despite evidence of these possible increased risks, LABA, LAMA, and ICS preparations can be safely used to treat COPD in patients with atrial fibrillation \[[@CR31], [@CR74]\].

Non-Pharmacologic Therapies {#Sec10}
---------------------------

Given the shared risk factors and suspected common pathophysiological mechanisms, a holistic approach to non-pharmacologic management and interventions is important. Smoking cessation is key in the non-pharmacologic management of both COPD and ischemic heart disease \[[@CR75]\]. Dietary modification can play a role in improving both cardiovascular and lung health \[[@CR76]\]. Rehabilitation programs involving supervised exercise training, education, and support are important and help to improve outcomes in COPD \[[@CR77]\]. These programs are also important in patients with ischemic heart disease and heart failure \[[@CR78], [@CR79]\]. Despite the benefits of rehabilitation programs in both COPD and cardiovascular disease, the existence of comorbidities is associated with a lower referral rate to rehabilitation programs \[[@CR80], [@CR81]\]. There is no evidence that the presence of comorbidities negatively affects patient outcomes and complex comorbid patients should still be referred for cardiopulmonary rehabilitation \[[@CR81]\].

Conclusions {#Sec11}
===========

Systemic inflammation is common to both COPD and cardiovascular disease. Mechanisms contributing to chronic inflammation and cardiopulmonary disease development as well as the cascade of changes during acute exacerbations of COPD that can lead to decompensation of cardiovascular disease and increased morbidity and mortality are increasingly understood. Elucidating the complex mechanisms through which COPD and cardiovascular disease influence and modify each other will be important in developing therapies and strategies to reduce the burden of morbidity and mortality in these patients.

Cardiologists, respirologists/pulmonologists, internists, and primary care physicians must be attuned to the presence of coexisting cardiac and respiratory disease. Patients with cardiovascular disease and COPD should be investigated for COPD and cardiovascular disease, respectively. A low threshold for investigation is important in order to thoroughly assess presenting symptoms which these comorbidities share in common and reach the correct diagnosis. Therapeutic challenges in treating patients with COPD and cardiovascular disease including ischemic heart disease, heart failure, and atrial fibrillation have been hindered by concerns regarding the safety of disease-specific therapies in patients with complex comorbidities. However, patients with COPD and cardiovascular disease can safely be treated in accordance with major disease-specific guidelines. Given the complexity of diagnosis and management of patients with cardiovascular disease and COPD, models of care that can address the complex multimorbid patient must be developed.
